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ABSTRACT 
A thorough chemical characterization of the woods from different eucalypt species, such as Eucalyptus globulus, 
E. nitens, E. maidenii, E. grandis and E. dunnii, used for paper pulp manufacturing was performed, with especial 
emphasis in the lignin and lipophilic fractions. The lignin, analyzed by pyrolysis-gas chromatography/mass 
spectrometry (Py-GC/MS), presented a predominance of syringyl (S) over guaiacyl (G) lignin units, with a S/G 
ratio in the range from 3.6 to 4.8, being the highest value for the E. globulus wood. The lipid fraction, analyzed 
by GC and GC/MS, was dominated by sitosterol, sitosterol esters and sitosterol 3β-D-glucopyranoside. The 
wood from E. globulus presented the lowest amounts of these pitch-forming compounds. 
 
I. INTRODUCTION 
Eucalypt wood is used as raw material for paper pulp manufacturing in Southwest Europe, Brazil, Australia, 
South Africa and other countries. Among the different eucalypt species, the wood from Eucalyptus globulus is 
the best raw material for kraft pulp manufacturing giving a very high pulp yield. The composition of E. globulus 
wood has been widely characterized (Gutiérrez et al., 1999; Freire et al., 2002; del Río et al., 2005). However, 
besides E. globulus, other eucalypt species such as E. nitens, E. maidenii, E. grandis and E. dunnii are also being 
used for papermaking, but the wood from these especies have not been so far chemically characterized. 
In this paper, a detailed chemical characterization the wood of these eucalypt species is shown. Especial 
attention has been paid to the composition of lignin and lipophilic fractions, since these fractions can strongly 
influence the pulping and bleaching processes. The content and chemical structure of wood components, in 
particular the lignin content and its composition in terms of its p-hydroxyphenyl (H), guaiacyl (G) and syringyl 
(S) moieties are important parameters in pulp production in view of delignification rates, chemical consumption 
and pulp yields. The higher reactivity of the S lignin with respect to the G lignin in alkaline systems is known 
(Tsutsumi et al., 1995). Therefore, the S/G ratio in hardwoods lignin should affect the pulping efficiency (del Río 
et al., 2005). On the other hand, it is also well known that the lipophilic compounds present in wood may cause 
significant environmental and technical problems in the manufacturing of paper pulp, such as the so-called pitch 
deposits (Back and Allen, 2000). In E. globulus wood, the main lipophilic compounds are free and conjugated 
(esters and glucosides) sterols, which are known to be at the origin of pitch deposition (del Río et al., 1998; 
Gutiérrez et al., 1999; del Río et al., 2000; Gutiérrez and del Río, 2001). 
 
II. EXPERIMENTAL 
Samples 
The wood samples (E. globulus, E. nitens, E. maidenii, E. grandis and E. dunnii) were provided by ENCE pulp 
mill in Pontevedra (Spain). For the isolation of lipids, hemicellulose analysis and Klason lignin content 
estimation, the samples, previously debarked and ground to sawdust, were successively extracted with acetone 
during 8 h in a Soxhlet apparatus, and with hot water (3 h at 100 ºC). Klason lignin and neutral sugars from 
polysaccharide hydrolysis were estimated acording to Tappi rules T222 om-88 and T249 om 85, respectively 
(Tappi, 2004). The ash content was estimated as the residue after 6 h at 575 ºC. The acetone extracts were 
evaporated to dryness, and redissolved in chloroform for chromatographic analysis of the lipophilic fraction. The 
pulping parameters of the different wood especies are shown in the Table 1. The E. globulus wood presents the 
best pulp yield (59.5%) while E. dunnii wood presents the lowest yield (48.7%). 
 
Table 1. Kraft cooking parameters of the wood from E. globulus, E. nitens, E. maidenii, E. grandis and E. dunnii 
 
 
 
Specie Density (Kg/m3) 
Active 
Alkali,% 
Kappa 
number 
Pulp 
Yield, % 
Rejects 
% 
Viscosity mL/g Residual  
Alkali, g/L 
E. globulus 600 13.0 16.1 59.5 8.4 1413  3.6  
E. nitens 450 17.5 16.3 50.4 1.7 1177  6.2  
E. maidenii 600 18.0 16.5 50.8 1.4 1093  11.3  
E. grandis 435 17.0 15.7 49.7 0.2 1148  9.2  
E. dunnii 595 20.0 16.1 48.7 1.6 931  15.5  
 2 
GC and GC/MS analyses of lipophilic extracts 
The GC analyses of the extracts were performed in an Agilent 6890N GC system using a short-fused silica 
capillary column (DB-5HT, 5 m × 0.25 mm I.D., 0.1 μm film thickness). The temperature program was started at 
100°C with a 1-min hold and then raised to a final temperature of 350°C at 15°C/min, and held for 3 min. The 
injector and flame-ionization detector temperatures were set at 300 and 350°C, respectively. The carrier gas was 
helium at a rate of 5 ml/min, and the injection was performed in splitless mode. Peaks were quantified by area in 
the GC chromatograms. A mixture of standard compounds (octadecane, hexadecanol, palmitic acid, sitosterol, 7-
oxocholesterol, sitosteryl 3 β-D-glucopyranoside, cholesteryl oleate, and triheptadecanoin) was used for 
quantitation. The GC/MS analyses were performed with a Varian model Star 3400 GC equipped with an ion trap 
detector (Varian model Saturn 2000) using a medium-length (12 m) capillary column of the same characteristics 
described above. The oven was heated from 120 (1 min) to 380°C at 10°C/min and held for 5 min. The transfer 
line was kept at 300°C. The injector was temperature programmed from 120 (0.1 min) to 380°C at a rate of 
200°C/min and held until the end of the analysis. Helium was used as carrier gas at a rate of 2 ml/min. 
 
Pyrolysis-gas chromatography/mass spectrometry 
Analytical pyrolysis was performed using a CDS Pyroprobe AS-2500 Autosampler. The sample (typically 100 
µg) was placed in a quartz tube, 2 mm x 40 mm and put into the sample tray. The pyrolysis was carried out at 
550 ºC for 10 s. The pyrolysis chamber was kept at 250 ºC and purged with helium in order to transfer the 
pyrolysis products as quickly as possible to the GC column. The pyrolyser was connected to an Agilent 6890 gas 
chromatograph equipped with an on-column injector and a fused silica capillary column (DV-1701, 60 m x 0.25 
mm ID, 0.25 µm film thickness) coupled to an Agilent 5973N mass spectrometer. The chromatograph was 
programmed from 45 ºC (4 min) to 280 ºC at a rate of 4 ºC/min. The final temperature was held for 15 min. The 
injector was set at 250 ºC, while the GC/MS interface was kept at 280 ºC.  
 
III. RESULTS AND DISCUSSION 
The composition on the main constituents of the selected eucalypt woods is shown in Table 2. The composition 
is very similar of the wood of the different species, although some important differences can be observed 
between them. The wood from the different eucalypt species was characterized by a low lignin content, 
estimated as Klason lignin, in the range from 18.7-22.6%. The lipid content is also low (less than 0.6%) as well 
as the ash content (less than 0.5%). The polysaccharide fraction was mainly constituted by glucose (from 
cellulose and hemicelluloses) followed by xylose (from hemicelluloses) and, in a minor proportion, by mannose, 
arabinose and galactose. It must be noted that the wood from E. globulus wood presents the lowest lignin content 
and at the same time the lowest content of lipids, which, in principle, makes it the best choice for papermaking. 
 
 
 
Table 2. Chemical composition (%) of the different eucalypt woods characterized. 
* This percentage refers to chloroform-soluble lipophilics. In brackets total acetone-soluble extracts. 
 
 
 
Lipid composition 
The total acetone extracts from the different eucalypt woods accounted for 1.2-1.5%. The lipophilic-chloroform 
soluble-compounds represented 0.3-0.6% while the rest, corresponded to polar compounds. The lipid extract was 
analyzed by GC and GC/MS. The chromatogram of the total lipid extract from a selected eucalypt (E. nitens) 
wood is shown in Figure 1 and the composition of the main series of compounds identified is listed in Table 3. 
The most predominant lipophilic compounds in all the eucalypt woods selected for this study were steroids, 
including sterols, sterols esters, steroid ketones, steroid hydrocarbons and sterol glycosides. The woods from E. 
globulus and E. dunnii show the lowest content on free and conjugated (esters and glycosides) sterols, which are 
the main responsible for pitch deposits during kraft cooking of eucalypt wood (del Río et al., 2000; Gutiérrez and 
del Río, 2001). On the other hand, the wood from E. nitens presents the highest content of these detrimental 
pitch-forming lipids.  
Sample Extractives* Water-soluble Klason Lignin Polysaccharides Ash 
E. globulus 0.3  (1.5) 1.2  18.7  78.0  0.5 
E. nitens 0.6  (1.4) 1.2  22.5  74.2  0.4 
E. maidenii 0.5 (1.3) 1.3  22.6  74.1  0.3 
E. grandis 0.5 (1.3) 1.6  21.1  75.3  0.3 
E. dunnii 0.6 (1.2) 1.4  21.6  75.2  0.2 
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min 2.5 5 7.5 10 12.5 15 17.5 20 
Sitosterol 
Sitosteryl 3 - β - D - glucopyranoside 
Sterol esters 
Stigmastanol 
+ 
Fucosterol 
Stigmasta - 3,6 - dione 
Triglycerides 
Steroid 
hydrocarbons 
Squalene FA - 16 
FA - 18:1 
+ 
FA - 18:2 
Fatty acids 
Stigmast-4-en-3-one 
   Figure 1. Chromatogram of lipophilic extractives from E. nitens wood.  
 
 
       Table 3. Composition of lipophilic extractives from different species of Eucalyptus studied (mg/Kg) 
 
 
Lignin Composition. 
The chemical composition of lignin of the different eucalypt woods were analyzed in situ by Py-GC/MS. The 
pyrogram of a selected eucalypt (E. maidenii) wood is shown in Figure 2. The pyrolysis of the eucalypt woods 
released predominantly compounds arising from lignin, with minor amounts of compounds from carbohydrates. 
The lignin-derived compounds show a predominance of the S-lignin units over the G-ones. The lignin S/G and 
lignin /carbohydrate (L/HC) ratios estimated by Py-GC/MS are shown in Table 4. The results indicate that the 
lignin from E. globulus wood shows the highest S/G ratio, which makes it easier to be delignified under kraft 
cooking due to the higher reactivity of the S-lignin in alkaline systems. On the other hand, the wood from E. 
grandis and E. dunni presents the lowest S/G ratio, that together with their higher lignin content, makes them 
more difficult to delignify than E. globulus. The higher S/G ratio together with its lower lignin content (shown in 
Table 2) is in agreement with the highest pulp yield for E. globulus as reported in Table 1. 
 
 
   Table 4. Lignin composition of the different eucalypt woods. 
 
 
 
 
 
Compounds E. globulus E. nitens  E. maidenii   E. grandis E. dunnii 
Steroid hydrocarbons 31.3  30.5 22.2 19.4 26.6  
Fatty alcohols 1.2  1.2 1.1 1.0 1.1 
Fatty acids 330.6  449.6 214.8 316.5 439.9 
Sterols 268.3  543.5 336.2 361.5 272.3 
Steroids ketones 37.2  72.0 112.8 59.7 95.4 
Tocopherols 8.5  6.5 11.5 8.3 10.5 
Monoglycerides 117.4  121.4 50.3 58.7 61.7 
Alkyl-ferulates 28.2  4.6 1.2 2.7 11.7 
Sterol glycosides 65.1  206.0 68.1 159.5 8.95 
Tocopheryl esters 5.8  15.9 6.1 6.4 9.8 
Triterpenol esters 1.3  0.8 1.0 2.0 2.2 
Sterol esters 250.2  828.5 434.4 214.3 289.6 
Triglycerides 11.2  21.0 38.1 15.7 28.0 
Eucalypt species %G %S S/G ratio L/HC ratio 
E. globulus 17.4 82.6 4.8 1.0 
E. nitens 18.0 82.0 4.6 1.5 
E. maidenii 17.9 82.1 4.6 1.9 
E. grandis 21.6 78.4 3.6 1.5 
E. dunnii 20.0 80.0 4.0 1.2 
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Figure 2. Py-GC/MS chromatogram of E. maidenii wood with the most important compounds identified. Peaks: 1) 4-
hydroxy-5,6-dihydro-(2H)-pyran-2-one, 2) guaiacol, 3) 4-vinylguaiacol, 4) syringol, 5) 4-methylsyringol, 6) 4-ethylguaiacol, 
7) 4-vinylsyringol, 8) 4-allylsyringol, 9) levoglucosane, 10) trans-4-propenylsyringol, 11) syringaldehyde, 12) 
syringylacetone, 13) trans-sinapaldehyde. 
 
 
 
IV. CONCLUSIONS 
A thorough chemical characterization of the wood from different eucalypt species has been performed. The 
analyses show that the wood from E. globulus presents the lowest percentage in lignin and the highest lignin S/G 
ratio. This fact is in agreement with the highest pulp yield. On the other hand, this fact, together with its lowest 
lipid content, in especial the lowest content in pitch-forming lipids (free and conjugated sitosterol), makes it the 
most interesting eucalypt species for pulp and papermaking. 
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